INTRODUCTION
Dissolved inorganic carbon (DIC) is the largest pool of carbon in ocean water and is the precursor of organic matter produced by phytoplankton in the surface ocean. Interannual DIC  14 C variability is primarily an indicator of ocean mixing, and is an indicator of upwelling in the open ocean (Ekman pumping; Guilderson et al. 2006 ) and coastal regions (Robinson 1981) . Stable carbon isotope ( 13 C) measurements of surface seawater and mollusks have also been used as a tracer of upwelling (Killingley and Berger 1979; Sheu et al. 1996) .
The entire California coast is within one of the world's larger upwelling zones and its recurrent upwelling is responsible for stimulating marine productivity, fog formation, and also influencing the estuarine coastal habitats. We monitored DIC  14 C at a coastal site off Southern California (333621N, 1175552W) where upwelling appears to vary seasonally (Masiello et al. 1998) , to address the specific questions: 1) Is California coastal upwelling becoming weaker? 2) Is DIC  14 C still a useful tracer for observing changes in upwelling? We analyzed seawater, shells, and local river water collected from our time-series site. We report a coupled isotope signature approach ( 14 C and  13 C of DIC) combined with salinity and temperature measurements, total dissolved inorganic carbon (CO 2 ) measurements, meteorological data, and ocean parameters to obtain a more accurate representation of the effects of ocean mixing on the carbon isotopic signatures of surface seawater from the coastal Orange County region (Figure 1 ).
THE CALIFORNIA CURRENT FROM 1999 TO 2007
Upwelling (the ascent of subsurface waters to the surface) can be observed in coastal and open ocean regions. Along the North American west coast, for example, upwelling occurs when winds combine with the Coriolis effect to produce an offshore Ekman transport of surface waters. The displaced coastal waters are replaced by cold, saline, nutrient-rich waters that upwell from depths of 50-100 m or more. Upwelled waters are generally characterized by lower temperature and higher salinity, chlorophyll a, and nutrient (nitrate, phosphate and silicate) concentrations (Hutchings et al. 1995) .
Over the past 50 yr, several programs have monitored the meteorology, oceanography, chemistry, and biology of the California Current System (CCS) from Oregon to Baja California. In these programs, seasonal cruises reoccupy dozens of stations following grid lines from inshore to open waters. Overviews of the recent state of the CCS are presented in the data reports published by the California Cooperative Oceanic Fisheries Investigations (www.calcofi.org) (Peterson et al. 2006; Goericke et al. 2007) , the Climate Prediction Center (http://www.cpc.ncep.noaa.gov), and the Northwest Fisheries Science Center (http://www.nwfsc.noaa.gov).
In general, the main observations provided by these programs along the North American west coast (36N to 57N) show that from 1999 to 2002, the CCS experienced strong summer upwelling and a shift to lower than normal sea surface temperatures (SSTs). During October 2002 to June 2005, weak El Niño conditions accompanied higher SSTs due to weak spring and summer upwelling south of Monterey Bay. In the Southern California Bight, SST anomalies were as high as 4 C above normal (average seasonal temperature means from . In July to August 2005, upwelling of cold, saline, nutrient-rich water returned to the Southern California coast and continued through early 2006 (Peterson et al. 2006) . Upwelling was weak through June 2006 and above average through fall (upwelling index anomalies were calculated relative to the 1948-1967 monthly means). In 2007, the CCS experienced near-to-above normal upwelling conditions from March to May and below average upwelling in June and July 2007 (Goericke et al. 2007 ). The cumulative upwelling for 2007 was above average with a transition to higher upwelling (La Niña phase) in late 2007 to early 2008 (http://www.cpc.ncep.noaa.gov). 
THE SOUTHERN CALIFORNIA BIGHT
The Southern California Bight (SCB) extends from Point Conception south to Cabo Colnett, Baja California (575 km), with the California Current System (CCS) to the west. The CCS flows southward, between California's shelf break to about 1000 km offshore. It is part of the clockwise geostrophic flow of water in the North Pacific gyre, carrying relatively cold, fresh subarctic water southward. The eastward indentation of the Southern California coast results in a counterclockwise gyre, known as the Southern California Eddy, in which water from the CCS is carried inshore and northward through the center of the bight to form the Southern California Countercurrent (Figure 2) . Also within the SCB is the California Undercurrent, a narrow northward-flowing current of tropical origin; it flows between 100 and 400 m depth along the continental slope (Tsuchiya 1975) . While a poleward flow of water predominates in the SCB due to the Southern California Countercurrent (surface flow) and California Undercurrent (subsurface flow), there are seasonal variations in surface water currents. The poleward surface flow of the Southern California Countercurrent is strongest during the summer months and continues through fall and winter. In spring, when equatorward winds along the southern California coast are strongest, the northward flow weakens or reverses, allowing an equatorward surface flow to prevail (Bray et al. 1991; PSCB 1990) (Figure 2 ).
The sea floor of the bight is characterized by a series of deep basins (610-2500 m deep), islands, and submerged seamounts. The numerous basins, narrow continental shelf, and steep slopes throughout the SCB region allow deep water to exist near shore (Bray et al. 1991; PSCB 1990) .
The SCB and its mainland drainage basin experience a semi-arid Mediterranean climate. Monthly precipitation near our sampling site peaks during the winter months, with a 5-yr range of 30-80 mm, while summer months have near zero precipitation. Fall and spring months experience intermediate values of 0-40 mm/month (http://waterdata.usgs.gov). This combination of semi-arid climate and low precipitation makes the rivers draining into the bight low flow.
Environmental changes in the SCB are linked to long-term, interannual patterns, such as El Niño-Southern Oscillation (ENSO), rather than to seasonal cycles (Bray et al. 1991) . The surface waters Figure 2 The average surface currents and salinity values in the Southern California Bight in (a) spring and (b) summer from 1984-1995. Northward flow along the coast is strongest in the summer months and weakens or reverses in the spring, allowing equatorward surface flow to prevail. Length of arrows represents relative geostrophic velocity. Color indicates salinity and "X" indicates our NBP sampling site. High salinities along the coast are associated with upwelling (Bray et al. 1991). in the SCB originate primarily from the CCS and are therefore more nutrient-rich, less saline, and cooler, except when periodic ENSO events occur (PSCB 1990) . ENSO events cause cooler surface waters to be replaced with nutrient-poor, warmer waters and a deeper surface mixed layer. Changes in weather and alterations in the marine community composition of the SCB can also be observed during ENSO events.
SAMPLING SITES
To determine a suitable sampling site for the coastal Orange County region in California, 4 seawater samples were collected, processed, and measured (for DIC  14 C, DIC  13 C) from the shoreline, the Newport Beach Pier (NBP), and the Balboa Pier (BP) located 1.7 miles southeast of the NBP (Figure 3) . The preliminary results indicated that these sites have similar isotopic compositions, and because of logistical considerations, the NBP site was chosen as our sampling site.
The NBP site is located about 2 miles southeast of the mouth of the Santa Ana River. The Santa Ana River system is one of the largest rivers in Southern California with a watershed of ~2800 square miles (http://sawpa.org/about/watershed.htm). The river begins in the San Bernardino Mountains, travels through the Orange County Coastal Plain, and into the Pacific Ocean. Much of the Santa Ana River is a concrete-lined channel. It is characterized by near zero flow during the dry seasons and high surface flows through spring and early summer.
METHODOLOGY

Water Sample Collection
Surface seawater samples were collected daily from the NBP site from 16 October to 11 November 2004. Following this initial collection series, samples were collected biweekly between 10:00 AM Figure 3 Satellite photo of the coastal region of Orange County. From left to right: the Santa Ana River mouth (SAR), the Newport Beach Pier (NBP) and the Balboa Pier (BP) are marked. These are the 3 sites from which samples were collected for this study (http://maps.google.com/). and 1:00 PM (to assure the same tidal conditions). Surface waters were collected from a platform at the end of the pier that was lowered down to the water for sampling. Water samples were collected occasionally from the Santa Ana River at the Hamilton overpass, located ~1.4 miles upriver of the Santa Ana River mouth ( Figure 3 ).
Two types of collection bottles were used. Seawater and river water samples for DIC  14 C and  13 C analyses were collected in 500-mL glass bottles with ground glass stoppers. Samples analyzed for CO 2 and salinity were collected in 200-mL Kimex ® bottles with plastic caps. On 20 September 2007, the sampling bottles used for CO 2 and salinity measurements were replaced with Pyrex ® 250-mL laboratory bottles with polypropylene caps. The previous collection bottles were found to be inferior because of evaporation of water from the samples.
Several precautions were taken to avoid contamination. Bottles and stoppers were washed using a dilute soap solution and water, followed by a 10% HCl solution and distilled water. The glassware was baked at 550 C for 2 hr and stored in plastic bags.
Four samples were collected during each sampling: 2 for  14 C analysis, 1 for CO 2 , and 1 for salinity. At the sampling site, a 10-L bucket, equipped with a long piece of silicone tubing, was lowered into the water and rinsed several times prior to sampling. Each sample bottle was then filled with the tubing placed at the bottom of each bottle and allowed to overflow twice its volume. After all water samples were collected, the  14 C and CO 2 samples were poisoned with 100 L and 50 L of saturated HgCl 2 solution, respectively. The glass stoppers were coated with Apiezon N grease using a syringe to ensure a gas-tight seal. Each stopper was secured with 2 wide rubber bands placed around the cap and base of the bottle. After water collection, a thermometer (with an accuracy of ±1 C) was placed in the remaining water and temperature was recorded along with other meteorological data, e.g. wind speed and direction, air temperature, recent precipitation events and possible river discharges, and water temperature measurements made by the lifeguards.
Calcium Carbonate Collection
Live California sea mussels (Mytilus californianus) and barnacle shells (spp. unknown) were collected from a support post of the pier, next to the water sampling site. These 2 species were selected due to their abundance in Southern California and availability at our sampling station. The first collection was performed on 4 May 2006 and the age of the mussel was estimated to be ~6 months old from its shell length of ~35 mm (Coe and Fox 1942) . A second mussel shell was collected on 18 June 2007 and its age was similarly ~6 months. On 31 January 2008, a third and fourth mussel were collected and estimated to be ~5 and ~4 months old, respectively.
CO 2 Extraction
Water samples for  14 C and  13 C analyses undergo CO 2 extraction in the laboratory using a dedicated vacuum line. While 2 full bottles are collected for  14 C analysis, only one-half bottle (~250 mL) is needed per sample. This allows us to make up to 4 measurements of the same water to assess accuracy, if necessary.
The samples were stripped of CO 2 using a modified extraction procedure of published protocols (McNichol and Jones 1991; McNichol et al. 1994) . Half of the water in a DIC collection bottle was transferred into a custom reaction apparatus in a high-purity N 2 glove bag. The original bottle that contained the rest of the water sample was resealed, reweighed, and stored for later use. The sample is connected to the vacuum line where it is acidified with 3 mL of 85% phosphoric acid and recirculated in the line with clean N 2 for 10 min. Two dry ice-isopropanol slush traps collect water and a liquid nitrogen trap collects CO 2 . The CO 2 is cryogenically purified and transferred to a calibrated volume for a pressure measurement, enabling us to determine the CO 2 of the sample.
The CO 2 sample was split into 3 aliquots and flame-sealed into Pyrex tubes. Approximately 1.75 mL of CO 2 gas was used to produce ~1 mg C graphite for the  14 C measurement, 0.54 mL for  13 C analysis, and the excess gas was archived.
Organic matter on the shell samples was separated from the calcite shell via microwaving and removal with a spatula. Dry, crushed calcium carbonate samples were placed in 3-mL Vacutainer ® vials (disposable blood sample vials), leached using 2 mL 0.1N HCl to remove 50% of the sample's surface mass, and rinsed with deionized water. Vacutainers were then evacuated through the rubber stopper using a hypodermic needle connected to a vacuum line. Following evacuation, 0.8 mL of phosphoric acid was injected into each Vacutainer using a gas-tight syringe and hydrolyzed for 25 min at 70C to generate CO 2 (Santos et al. 2004 ).
Graphite Sample Production
Carbon dioxide samples were converted to graphite by reduction with H 2 in the presence of an iron powder catalyst at 550 C. Mg(ClO 4 ) 2 is present during the reaction for water removal (Santos et al. 2004 (Santos et al. , 2007 . Following graphitization, samples are pressed into aluminum target holders that are mounted into the ion-source wheel and measured in the AMS system.
 14 C and  13 C Measurements
All  14 C and  13 C results (including freshwater and carbonate samples) obtained during this study are listed in Tables 1 and 2 .  14 C results were obtained at the KCCAMS/UCI facility, which is equipped with a compact AMS particle accelerator from National Electrostatics Corporation (NEC 0.5MV 1.5SDH-2 AMS system) dedicated to measuring 14 C. This compact system measures all 3 carbon isotopes ( 14 C, 13 C, and 12 C), allowing us to produce high-precision measurements (Santos et al. 2007 ). Each sample is corrected for fractionation using its own AMS  13 C value (which can differ by several per mil from the  13 C of the original material, if fractionation occurs during the AMS measurement). From general carbonaceous samples measured by this AMS system since 2002, the overall fractional scatter from the primary standard oxalic acid I (OX-I), as well as the accuracy based on the measurement of multiple secondary standards (OX-II, FIRI-C, FIRI-D, for example) has been ~3‰ (±1 ) (Santos et al. 2007) . Table 1 Complete DIC  14 C,  13 C, temperature, salinity, and CO 2 values from surface seawater samples collected from sites off the coast of Southern California. Calcium carbonate results are marked with asterisks. One result is from a freshwater sample from the Santa Ana River. The 14 C results are reported as age-corrected  14 C (‰), as defined by Stuiver and Polach (1977) . Total dissolved inorganic CO 2 results were calculated from the manometric measurement of CO 2 after acidification of seawater. Uncertainty for CO 2 values is ±40 mol/kg. 
Sample ID (dates in month/day/year)
To obtain high-precision measurements on wheels composed of DIC samples, we added to the usual sets of 6-8 OX-I primary standards: OX-II samples, 2 to 3 DIC procedural blanks, and secondary coral standards produced in the same fashion as unknown samples (Table 2) . Individual targets were cycled at least 12 times, and analyzed for 50,000 14 C events. The individual statistical error bars from these samples were typically ±2‰ (±1 ) (Tables 1 and 2) . These errors were calculated based on counting statistics and scatter in multiple measurements of each sample, along with propagated uncertainties from normalization to standards, background subtraction, and isotopic fractionation corrections, as mentioned above.
For proper DIC  14 C background corrections, we measured the mass and the  14 C AMS signature of several procedural blank samples (Table 2) . To produce these samples, ~60 mg of spar calcite crystals (a 14 C-free material with initial  14 C value of 1000‰) were dissolved into a previously stripped seawater sample (and therefore free of DIC) in the presence of a high-purity N 2 environment. In this case, the  14 C result obtained from the procedural blank represents the amount of modern carbon added to the sample during CO 2 stripping, graphitization, and pressing of graphite samples. The  14 C AMS results from the DIC procedural blank averaged 993.6‰ (equivalent to Fm = 0.0065; Table 2 ). This result constitutes a modern carbon contamination of <0.8% of the sample, and was subtracted from the final DIC  14 C results listed in Table 1 .
Stable isotope DIC 13 C measurements were made using a continuous-flow isotope ratio mass spectrometer (Delta-Plus CFIRMS), interfaced with a Gasbench II and dual inlet (for CO 2 analysis). For standard control, the precision of the equipment was also evaluated by sets of CO 2 gas from OX-I combustion produced and measured at the same time as unknown samples. The standard deviation of these measurements was 0.09‰ (n  32, not shown in Table 2 ).
To verify the experimental error associated with the DIC sample procedure, we analyzed multiple samples from the same sampling date (Table 1) , in addition to the DIC blanks and coral standard Table 2 Complete DIC  14 C and  13 C values from blanks and secondary standards used to background-correct and evaluate precision and accuracy of the results produced. Calcium carbonate blank and secondary standard are marked with asterisks. In addition, batches of CO 2 DIC samples to be measured by the stable isotope ratio mass spectrometer were also followed by CO 2 aliquots of OX-I (oxalic acid I) produced from a large amount of gas to verify the procedural error of this instrument (results not shown). The standard deviation of these measurements was 0.09‰ and standard error was 0.02‰ (n32). selected to be remeasured, yielding a standard error calculation of 0.04‰ (±1 ), based on 5 pairs (Table 1) .
CO 2 values were calculated from the manometric measurement of CO 2 after the acidification of seawater. Initially, the CO 2 manometric calculation assumed a room temperature of 20C (italicized values in Table 1 ). Beginning with samples from December 2006, actual room temperature was recorded during the CO 2 extraction of each water sample. The recorded temperature was taken into account for the CO 2 manometric calculation resulting in a more accurate value. The maximum error for these measurements is approximately ±40 mol/kg.
RESULTS AND DISCUSSION
NBP Daily Collection (October-November 2004)
Figures 5a-f show data obtained from temperature, salinity, CO 2 , DIC  14 C, and  13 C measurements from the NBP site, as well as Santa Ana River discharge data (obtained from the US Geological Survey database) from 10/15/04 to 11/11/04. The lines in Figures 5c-e represent the 3-point moving average. This experiment was designed to determine the daily variability of the carbon isotopic ratios and other chemical and meteorological parameters at this coastal site.
The SST values averaged 20.0 C with higher values (up to 24.0 C) from 10/23/04-10/25/04 (Figure 5a) . Salinity values averaged 33.16‰, with lower values (28.40-32.87‰) in samples collected on 10/17/04 and 10/23/04-10/26/04 due to admixture with Santa Ana River water (Figure 5b,f) .
CO 2 values averaged 1975 µmol/kg and showed no significant trend (Figure 5c ). The  14 C values ranged from 20.9‰ to 37.8‰, with an average value of 32.1‰ (Figure 5d ). The  13 C values ranged from -1.1‰ to +1.9‰ with an average value of 1.6‰ and a distinct low from 10/23/04-10/25/04 (Figure 5e ).
Three precipitation events occurred during the NBP Daily Collection series (Figure 5f ). On 10/17/ 04, a rain event (12 mm) resulted in a decreased salinity of 30.86‰ at our site. On 10/20/04, a second rain event (50 mm) resulted in high Santa Ana River discharge from 10/20/04-10/25/04 and salinity values as low as 28.40‰ at our site. A third rain event occurred on 10/26/04-10/27/04 (31 mm), resulting in high Santa Ana River runoff from 10/27/04-10/30/04. However, the salinity at our site remained constant at 33.10‰ during this period, indicating that the runoff from the third event did not reach our sampling site.
Analysis of wind patterns (not shown in Figure 5 ) during this period explains the lack of a third lower salinity signal. Typical winds at our site are of southwest origin (perpendicular to our NW-SE running coast) that strengthen in the afternoon and weaken in the evening. However, there were strong southerly winds (10-20 mph) on 10/26/04 and then easterly winds (10-15 mph) on 10/27/04. These atypical winds coincided with the third rain event and most likely pushed Santa Ana River water towards the northwest, away from our collection site. During typical conditions (that occurred throughout the rest of October 2004), winds from the southwest would decrease the off-coast movement of Santa Ana River runoff, causing the freshwater to spread along the coastline.
Freshwater input from the Santa Ana River also appears to have caused lower than average DIC  14 C and  13 C values along with increased SST. When local river input is not present, salinity averaged 33.14‰. We found that salinity measurements were essential to detect the presence of freshwater at our site.
Santa Ana River Input to the NBP Site
As mentioned earlier, the Santa Ana River system is one of the largest rivers in Southern California, and its mouth is located about 2 miles northeast of our sampling site (Figure 1 ). Since we observed admixture of freshwater at our site during the end of 2004, we decided to sample river waters to make isotopic measurements as well. Water samples were collected occasionally from upriver. CO 2 measured in 3 samples of Santa Ana River water (2960, 2566, 2734 mol/kg on 3/25/05, 7/ 21/05, 1/11/07, respectively-denoted by SAR in first column of Table 1 ) were higher than in seawater. The salinity values of the SAR samples are 0.36‰, 32.77‰, and 24.81‰, respectively, indicating that the SAR channel acts as a reverse estuary, changing direction of water flow seasonally.
 14 C results of the SAR samples are 0.8‰ (average of 2 points), 42.2‰, and 12.2‰, on 3/25/05, 7/21/05, 1/11/07, respectively, when  13 C results are -11.3‰, 1.8‰, and -4.8‰. These values corroborate the presence of seawater in the channel. The low carbon isotopic results suggest that the Santa Ana River can also be a source of low isotopic values to the NBP site. The  13 C value from 3/ 25/05 (11.3‰) is likely a result of remineralization of organic matter that contains low  13 C values.
Since the beginning of summer 2005 to January 2008, there was little to no precipitation and no significant input of water from the Santa Ana River observed at the NBP site. However, the variability of these 3 proxies (DIC  14 C, DIC  13 C, and salinity) for the few samples measured are in good agreement, and suggests mixing of Santa Ana River water with near-shore ocean water predictably alters the isotopic and salinity signals at the NBP site.
NBP Long-Term Collection
We present water temperature, CO 2 , DIC  13 C, DIC  14 C, and salinity values, and the Bakun index (Bakun 1973 Figure 6 .
The SST values ranged from 13-25 C and averaged 18 C over the 3-yr period. Maximum SST values were reached in 7/05, 7/06, and 8/07 with values of 24 C, 25 C, and 23 C, respectively. SST minima occurred in 3/06, 1/07, and 12/07 with values of 13 C, 14 C, and 13 C, respectively ( Figure  6a ). Total CO 2 values averaged 1947 mol/kg with no significant trend overall, though a minimum in CO 2 (1743 µmol/kg) occurred in 8/05 (Figure 6b ). A small decrease in  13 C DIC values is observed from 2005-2008 (~0.5‰); values averaged 1.6‰. The sample from 2/16/06 had a noticeably high value of 3.3‰, while samples from 4/6/06 (3 replicates) were noticeably low (0.6‰) ( Figure 6c ). (Figure 6d ), then increased slightly to 1/08.
Salinity values remained somewhat constant through 11/06, averaging 33.37‰. Salinity values steadily increased to 33.80‰ by 5/07 and then decreased to 33.42‰ by 1/08 (Figure 6e ).
The  14 C values of shell samples collected from the NBP site on 05/04/06 (~6-month-old mussel and barnacle shells), 1/18/07 (~6-month-old mussel), and 1/31/08 (~4-and ~5-month-old mussels) yielded 34. 8‰, 36.3‰, 32.3‰, 29.1‰, and 27.4‰, respectively (asterisks in Table 1 ). These results are within the ranges of the DIC  14 C values obtained for their individual estimated ages. Table 1 . Killingley and Berger (1979) reported a record of seasonal upwelling from the stable carbon isotope measurements of modern mollusks shells that showed lower  13 C values from upwelled water advecting from depth (Kroopnick et al. 1970) . Our DIC  13 C values show a significant anticorrelation with the CO 2 measurements (r 0.79) (Table 3) . On 4/6/06, a very low DIC  13 C value was obtained (0.75‰, n2, Table 1 ). This low  13 C value is coincident with a maximum CO 2 value (2075 M/kg, n3) that may have been caused by decomposition of 13 C-depleted organic material (Sheu et al. 1996) . However, because numerous factors affect DIC  13 C values and CO 2 concentrations, we cannot definitively assign a cause or causes to this correlation.
High  14 C values occurred every 6-7 months from 6/05 through 2/07 (Figure 6d ). Using satellite data, DiGiacomo and Holt (2001) 
Upwelling Intensity in the Southern California Bight
The Pacific Fisheries Environmental Laboratory (PFEL) regularly produces the Bakun upwelling index, which estimates the intensity of large-scale, wind-induced coastal upwelling using geostrophic wind approximations (Bakun 1973; Schwing et al. 1996 ; ftp://orpheus.pfeg.noaa.gov/outgoing/upwell/monthly/upindex.mon). Positive index values indicate upwelling while negative values indicate downwelling. Pickett and Schwing (2006) have evaluated these upwelling estimates using high-resolution satellite wind measurements combined with a global atmospheric model, and concluded that the index is reasonably accurate for the North American west coast. Figure 7 displays the annual maxima of the Bakun index data from the area closest to our station from 1974 to 2007. It shows that the second half of the Bakun index (1991 Bakun index ( -2007 is significantly lower than the first half (1974-1990) (p < 0.05), indicating a trend toward reduced coastal upwelling. This reduction may be associated with the warming of the surface ocean during that period, which would trigger a decrease in wind stress as hypothesized by Gucinski et al. (1990) . Roemmich and McGowan (1995) attributed the 70% decline of zooplankton populations observed in the CCS to warming of surface waters. They concluded that higher sea-surface temperatures can lead to increased stratification, a shallower mixed layer, and reduced mixing with deeper water (decreased upwelling), followed by reduced replenishment of nutrients needed for photosynthesis (McGowan et al. 1998 ).
Least-squares fits (Type II) were performed between each of the 5 monthly averaged (bimonthly values were averaged) data sets (Bakun index,  14 C,  13 C, CO 2 , and salinity, n33) from the NBP long time series, and the results are shown in Table 3 . Correlation is significant to at least the 95% level (p = 0.05) for 4 of the least-squares fits: CO 2 versus  13 C (r = 0.791, p = 0.001); salinity versus  14 C (r = 0.530, p = 0.002); salinity versus Bakun index (r = 0.491, p = 0.005); and  14 C versus Bakun index (r = 0.385, p = 0.05). These results confirm that there is a relationship between upwelling in the SCB (Bakun index) and 2 of our measured quantities,  14 C and salinity. During times when  14 C is low and salinity values are high, the level of upwelling in this region is generally high. In contrast, when  14 C is high and salinity values are low, the level of upwelling is lower than normal. This suggests that  14 C in water from the NBP is correlated with upwelling in the SCB.
Regarding surface  14 C variations as a tracer of upwelling strength, earlier observations in Half Moon Bay (Robinson 1981) show large seasonal changes. However, these changes are attributed to the enhanced upwelling in this northern California coastal region and to the larger gradient between atmosphere and surface ocean waters during the period of sample collection (1978) (1979) . In southern California, surface DIC  14 C values (<30 m) had decreased systematically from 1973 to 2004 (Figure 8) . The lack of a discernible gradient between the  14 C in surface (<30 m) and subsurface 1974 1978 1982 1986 1990 1994 1998 2002 2006 Bakun Upwelling Index (m3 sec-1 m-1 of coastline) (85-200 m) waters since the mid-1990s is associated in part due to the delayed penetration of bomb  14 C into the subsurface waters of the northeast Pacific (Key et al. 1996) . Although there appears to be no difference between the surface  14 C values and those in upwelled subsurface waters in the SCB, our data illustrate the subtlety of the  14 C difference between the 2 water masses when this parameter was correlated with other proxies. The DIC  14 C minimum/salinity maximum during 2007 corresponds with an increase in the Bakun index for this period (Figure 6d-f ), and coincides with the transition to a La Niña phase in the Pacific Ocean in mid-2007. Note that the  14 C historical data for the upper 200 m (Figure 8) is quite sparse and from a relatively large area of the northeast Pacific. Since we know of no other data sets to compare with our results, this limits the conclusions that can be made regarding the causal link between recent  14 C measurements and upwelling strength in the SCB.
In this work, we demonstrate the importance of combining several proxies with meteorological data, to understand the onset and duration of recent coastal upwelling at a site in the SCB. Seawater sampling at our NBP site is ongoing and future work will involve sampling at offshore sites. We also intend to expand our study of mollusk shells at the NBP site and other sites along the California coast.
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